Abstract-For aclass of linear time-invariant multivariable systems which can not be decoupled by state variable feedback, but which are invertible, we propose an algorithm of designing a precompensating dynamic system which results in anew system that can be decoupled by state variable feedback.
which results in anew system that can be decoupled by state variable feedback.
Consider alinear time-invariant multivariable system representation, Care nxn, nxmand mxnconstant matrices, respectively.
We consider the control law u = Fx + Gw /2\
where F is an m x n constant matr-Iv r •»= »" btanc matrix, G is an m x m nonsingular constant matrix, and w is the input of the overall system. Theorem 1 (Falb and Wolovich1) Asystem with representation (1) can be decoupled by using the We state and prove the following theorem which was suggested by Gilbert3.
Theorem 2
Given a system with a weakly coupled transfer function, we can always decouple it by the insertion of a precompensating dynamic system at the input terminals, then apply the feedback law specified in Theorem 1.
Proof.
The proof of this theorem is given by an algorithm discussed later. Lemma 1 Suppose that H(s) = C (si -A)"1 B is an mxmmatrix transfer func tion of (1), in which each element is a proper rational function of s; Step 2. Construct the m x m constant matrix B as follows,
Step 3.
i.e.
The assumption that the given transfer function is weakly coupled We are going to show that using the above algorithm, in a finite number of iterations of step 3, 4 and 5, we come up to det B^0.
In step 1, with respect to H(s), we calculate d, d., j = l,2,...,m using eq (6) and (8). Similarly, in step 4, with respect to H(s), we cal we may apply the algorithm in this letter to design a precompensator, then together with the feedback law specified in Theorem 1, we can always 4 decouple it. Morse and Wonham have found minimal order precompensator for this purpose by a geometric approach, but they propose no algorithm suitable for computation. Silverman has a different way of designing a precompensator based on an algorithm for inverting a system.
* State variable of H(s)

Fig. 1. The block H(s) is the given system. The precompensator is designed according to the algorithm. The block F consists of adders and multipliers; its input is x and its output is Fx, the matrix F is given by eq (16).
Similarly the block G has w as input and Gw as output , the G matrix is given by (15). The new overall system with input w
and output y is decoupled.
